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[bookmark: _Ref178064866]Introduction
Based on the hard work from RAN3 Sidelink fans, the flow chart of path switch i2d/d2i/i2i are achieved. In this contribution, we further discuss the open issues of packet loss of agreed Solution-5.
RAN3 agrees on proactive Data forwarding from source gNB to target gNB.
FFS on whether to capture the behavior of the target gNB for Solution-D5 into the inter-gNB i2x path switch procedures.
FFS on E1 impact to support D5.
Discussion
2.1 The behavior of the target gNB
NOTE: In order to support the DL lossless handover for the L2 U2N Remote UE, the source gNB may not discard the DL data even though the delivery of the data have been acknowledged by the L2 U2N Relay UE based on the gNB implementation. Then, the source gNB forwards the buffered DL data to the target gNB during the data forwarding procedure. 
We added the above description in TS38.300 to support Solution-D5 in last meeting [1]. The open issue is that whether to capture the behaviour of the target gNB. 
In legacy, source gNB can perform data forwarding after receiving HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink. Target gNB transfers the forwarded data after UE access target cell successfully. 
For i2d path switch, there are two options can be considered by target gNB: 
· Option 1: Target gNB transmits the buffered DL data based on the PDCP status report from remote UE after UE access target cell successfully i.e., UE reports PDCP status report to target gNB.
· Option 2: Target gNB forwards all proactive forwarded data to UE after UE access target cell successfully i.e., UE does not report PDCP status report to target gNB.
Observation 1: UE may or may not report PDCP report to target gNB. 
In TS38.300, we found some similar descriptions of packet loss for MRB.
[bookmark: _Toc130939029]16.10.5.3.2	Handover between Multicast supporting cells
-	In order to support lossless handover for multicast service, the network has to ensure DL PDCP COUNT value synchronization and continuity between the source cell and the target cell. Furthermore, data forwarding from the source gNB to the target gNB and/or PDCP status report provided by a UE for an MRB for multicast session can be used during lossless handover.
[bookmark: _Toc130939031]16.10.5.3.4	MRB reconfiguration
The gNB may use RRCReconfiguration message to configure or reconfigure a multicast MRB, e.g., add/release/modify the MRB's RLC entities as described in clause 16.10.3. In order to minimize the data loss due to MRB reconfiguration, gNB may configure UE to send a PDCP status report during reconfiguration for MRB type change.
Observation 2: gNB may configure UE to send a PDCP status report during reconfiguration for MRB type change, and it can be used for lossless handover between Multicast supporting cells.
For SL Relay case, to give target gNB the most freedom e.g., support both option 1 and/or option 2, we can follow the description of MRB, using “may” to allow UE report or not report PDCP status report. And target gNB can use or not use PDCP status report for lossless inter-gNB i2x path switch.
NOTE 2: Target gNB may configure UE to send a PDCP status report during reconfiguration for lossless inter-gNB i2x path switch. PDCP status report provided by a L2 U2N Remote UE can be used during lossless handover.
Proposal 1: For SL relay, target gNB may configure UE to send a PDCP status report and use it for lossless handover during inter-gNB i2x path switch. The TS38.300 impact is shown in Annex1.
2.2 E1 impact 
RAN3 agrees on proactive Data forwarding from source gNB to target gNB.
In TS38.300, there is no description about whether to remove acknowledged DL data in gNB. While in TS38.425, it describes that the gNB removes the respective NR PDCP PDUs after ack. 
It is consider that CU-UP does not know
· Whether inter-gNB path switch or intra-gNB path switch
· Whether remote UE path switch or legacy UE handover.
Hence CU-UP does not know whether to store the data acknowledged by RLC in case of RLC AM.
Observation 3: CU-UP does not know whether CU-CP performs inter-gNB i2d path switch or whether CU-CP wants to packet lossless during handover. CU-UP store additional packets cannot solely base on its implementation.
A solution can be considered
· CU-CP indicates CU-UP to store some acknowledged packet i.e., introduce proactive data forwarding request in e.g., bearer context modification request.
Proposal 2: RAN3 considers introducing proactive data forwarding request IE in BEARER CONTEXT MODIFICATION REQUEST. The TS38.300 impact is shown in Annex2.
Conclusions
Observation 1: UE may or may not report PDCP report to target gNB. 
Observation 2: gNB may configure UE to send a PDCP status report during reconfiguration for MRB type change, and it can be used for lossless handover between Multicast supporting cells.
Proposal 1: For SL relay, target gNB may configure UE to send a PDCP status report and use it for lossless handover during inter-gNB i2x path switch. The TS38.300 impact is shown in Annex.
Observation 3: CU-UP does not know whether CU-CP performs inter-gNB i2d path switch or whether CU-CP wants to packet lossless during handover. CU-UP store additional packets cannot solely base on its implementation.
Proposal 2: RAN3 considers introducing Proactive Data Forwarding Request IE in Data Forwarding Information Request IE in BEARER CONTEXT MODIFICATION REQUEST. The TS37.483 impact is shown in Annex2.
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Annex1: TP for TS38.300 for packet lossless
For service continuity of L2 U2N Relay, the following procedure is used, in case of L2 U2N Remote UE switching from indirect to direct path under another gNB:


Figure 16.12.6.1-2: Procedure for L2 U2N Remote UE inter-gNB indirect to direct path switching
1.	The Uu measurement configuration is configured by the source gNB, and measurement report signalling procedures are performed by the L2 U2N Remote UE to evaluate both relay link measurement and Uu link measurement. The measurement results from L2 U2N Remote UE are reported when configured measurement reporting criteria are met. The sidelink relay measurement report shall include at least L2 U2N Relay UE's source L2 ID, serving cell ID (i.e., NCGI/NCI), and sidelink measurement quantity result. The sidelink measurement quantity can be SL-RSRP of the serving L2 U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used.
   2.	The source gNB decides to trigger path switch for the L2 U2N Remote UE onto direct path.
3.	The source gNB sends the HANDOVER REQUEST message to the target gNB with necessary information to prepare the handover at the target side. 
NOTE 1: In order to support the DL lossless handover for the L2 U2N Remote UE, the source gNB may not discard the DL data even though the delivery of the data have been acknowledged by the L2 U2N Relay UE based on the gNB implementation. Then, the source gNB forwards the buffered DL data to the target gNB during the data forwarding procedure. 
4.	Admission Control may be performed by the target gNB.
5.	The target gNB sends the HANDOVER REQUEST ACKNOWLEDGE message to the source gNB, which contains new RRC configuration for the L2 U2N Remote UE.
NOTE 2: Target gNB may configure UE to send a PDCP status report during reconfiguration. PDCP status report provided by a L2 U2N Remote UE can be used during lossless inter-gNB i2x path switch.
6.  The source gNB triggers the path switch by sending an RRCReconfiguration message to the L2 U2N Remote UE, containing at least cell ID and the information required to access the target cell. The L2 U2N Remote UE stops UP and CP transmission via the L2 U2N Relay UE after reception of the RRCReconfiguration message.
7. The source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of the L2 U2N Remote UE's DRBs for which PDCP status preservation applies (i.e. for RLC AM).
8.  The L2 U2N Remote UE synchronizes with the target gNB and performs Random Access.
9.  The L2 U2N Remote UE sends RRCReconfigurationComplete message to target gNB via the direct path.
10.	The target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the path switch.
11. The source gNB sends RRCReconfiguration message to the L2 U2N Relay UE to reconfigure the connection between the L2 U2N Relay UE and the source gNB. The RRCReconfiguration message to the L2 U2N Relay UE can be sent any time after step 6 based on source gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
12. Either L2 U2N Relay UE or L2 U2N Remote UE’s AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving the RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.
16.12.6.x Switching from indirect to indirect
Notes: RAN2 can put the description of intra-gNB i2i path-switching procedures in the 38.300 draft spec.

For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching from indirect to indirect path under another gNB via a L2 U2N Relay UE in RRC_CONNECTED:



Figure 16.12.6.x-2: Procedure for L2 U2N Remote UE inter-gNB indirect to indirect path switching
1.	The L2 U2N Remote UE reports one or multiple candidate L2 U2N Relay UE(s) and Uu measurements to the source gNB, after it measures/discovers the candidate L2 U2N Relay UE(s):
-     The L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria;
-     The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE' s serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.
2.	The source gNB decides to trigger the L2 U2N Remote UE to switch to an indirect path of another gNB, based on MeasurementReport and RRM information.
[bookmark: OLE_LINK2]3.	The source gNB sends a HANDOVER REQUEST message to the target gNB to prepare the path switch at the target side. The HANDOVER REQUEST message includes Remote UE L2 ID and a list of candidate target relay UE IDs belonging to one cell. 
NOTE 1: In order to support the DL lossless handover for the L2 U2N Remote UE, the source gNB may not discard the DL data even though the delivery of the data have been acknowledged by the L2 U2N Relay UE based on the gNB implementation. Then, the source gNB forwards the buffered DL data to the target gNB during the data forwarding procedure. 
4.	Admission Control may be performed by the target gNB. 
5.  The target gNB selects one target Relay UE from the list of candidate Relay UEs provided by the source gNB, sends the RRCReconfiguration message to the L2 U2N Relay UE for relaying configuration, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration. 
6.	The target gNB and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB, which contains new RRC configuration for L2 U2N Remote UE.
NOTE 2: Target gNB may configure UE to send a PDCP status report during reconfiguration. PDCP status report provided by a L2 U2N Remote UE can be used during lossless inter-gNB i2x path switch.
7.  The source gNB sends the RRCReconfiguration message to the the L2 U2N Remote UE, which includes at least the target L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). The L2 U2N Remote UE stops UP and CP transmission over the (source) indirect path after reception of the RRCReconfiguration message from the source gNB.
8. The source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of the L2 U2N Remote UE's DRBs for which PDCP status preservation applies (i.e. for RLC AM).
9. The L2 U2N Remote UE establishes PC5 connection to target the L2 U2N Relay UE.10. The L2 U2N Remote UE sends the RRCReconfigurationComplete message to the target gNB via the target L2 U2N Relay UE.
11. The data path is switched from indirect path to indirect path between the L2 U2N Remote UE and the target gNB via the target L2 U2N Relay UE.
12. The target gNB sends the UE CONTEXT RELEASE message to inform the source gNB about the success of the path switch. 
13. The source gNB sends the RRCReconfiguration message to the source L2 U2N Relay UE to reconfigure the connection between the source L2 U2N Relay UE and the source gNB. The RRCReconfiguration message to the L2 U2N Relay UE can be sent any time after step 6 based on source gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
14. Either L2 U2N Relay UE or L2 U2N Remote UE’s AS layer can release PC5-RRC connection and indicates upper layer to release PC5 unicast link after receiving the RRCReconfiguration message from the source gNB. The timing to execute link release is up to UE implementation.
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9.3.2.5	Data Forwarding Information Request
This IE offers the possibility for the gNB-CU-CP to request data forwarding addresses and/or proactive DL data forwarding addresses to the gNB-CU-UP. It also offers the possibility for the gNB-CU-CP to provide a list of QoS flows subject to PDU Session level or DRB level data forwarding to the gNB to which DRBs or QoS flows have been offloaded.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Data Forwarding Request
	M
	
	ENUMERATED (UL, DL, both, …)
	

	QoS Flows forwarded on the forwarding tunnel(s)
	O
	
	QoS Flow Mapping List
9.3.1.59
	This IE contains information for which QoS flows forwarded data packets are sent on:
- either the PDU Session forwarding tunnel (UL and DL)
- or the DRB forwarding tunnel (UL and DL).

	Proactive DL Data Forwarding Request
	O
	
	ENUMERATED (request, …)
	Requests proactive DL data forwarding in CU-UP
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